Mixed fluorescent and incandescent light increased growth and sink strength of the uppermost young shoot of rose plants (Rosa hybrida cv. Marimba) in comparison to pure fluorescent light. This was manifested by increased apical dominance. Monochromatic low-energy red light, given by means of optic fibers for 24 hours to shoot tips that had been previously darkened for 5 days, increased the transport of "4C-labeled assimilates to the intact tips and the uptake of I'4Cisucrose by detached tips. Far-red had little or no effect, and blue was not effective at all in these reactions. Red light given directly to detached shoot tips, in vitro, increased the uptake of I14Clsucrose by the isolated tips. Adding far-red to the red greatly promoted the uptake, whereas blue and blue plus far-red were not active. The main character of the light reaction promoting sink activity in the shoot is that it is perceived by the shoot tip itself. It is operated by red light; far-red promotes the red effect but has Uttle or no effect when alone. Light apparently promotes shoot sink activity by increasing the unloading process.
greatly enhanced by R3 and inhibited by FR light (20) . This effect preceded the growth response to light. Previous work on roses (I 1) showed that darkening of only young shoot, while other parts of the plant were exposed to high-intensity light, greatly reduced the translocation of 1 C-labeled assimilates to the darkened shoot tip and had a detrimental effect on growth and flowering of the darkened shoot. The decrease in translocation was detected prior to flower atrophy. This light effect was independent of photosynthesis and probably also of ATP formation.
The purpose of this study was to define the character of this reaction by using light from different sources and at different spectral composition.
MATERIALS AND METHODS
Plants. Four-to five-month-old plants of Rosa Tel-A viv, Israel one flowering stem was left on each plant. It was decapitated prior to each experiment on the second five-leaflet leaf, counting from the distal end of the stem (Fig. 2) . After bud breaking, the upper buds were allowed to develop into new young shoots and the rest removed. Usually, the uppermost shoot was used for the experiment.
Experiments in which the young shoot was darkened started 9 to 10 days after decapitation, when the young shoot had reached the length of 3 cm. In other experiments, the growth stage is given with the results. Other details concerning growth conditions and preparation of plants for the experiments have been described elsewhere (10, 11) .
Growth Chambers. Two similar growth chambers were used for the experiments with conditions as described previously (11 In some experiments, R cellulose filter with transmission in R and FR (8) was used. Detailed spectrum curves of the celluloid filters have been presented elsewhere (6) and the light energy fluxes in the three colors are presented with the results (Tables III, IV, and V) .
With the optic glass fibers, intermittent lighting of 75 s light and 150 s dark was used. This method was found to be more efficient than continuous light (13) and also prevented overheating of the light source.
Young rose shoots were enclosed in glass cylinders covered with black polyethylene and aluminum foil. The optic glass fiber was inserted through cork stopper in the upper end of the cylinder and was directed to the shoot tip by means of a rubber weight. C2H4-free air was passed through the cylinders during the experiment as described (I 1).
I14CISucrose Uptake in Vitro. ['4CjSucrose uptake was studied either by using a liquid medium technique (3) or by planting the shoot tip on agar (1 and 14C detection were as described before (10, 11) . "4CO2 was generated from 40,uCi NaH'4C03 (Radiochemical Centre, Amer- sham, England), diluted with 80 mM NaHCO3 to final specific radioactivity of 1.25 mCi/mol, by injecting 0.5 ml 50%o lactic acid through a rubber stopper planted in the lid of the plastic container in which the source leaf was enclosed.
The duration of the radioactive pulse was I h and the plants were harvested after the translocation period given with the results.
The radioactivity in the various plant parts was expressed as a percentage of the radioactivity recovered in the plant, excluding the source leaf, or as RSA, defined as the ratio of per cent radioactivity in a given plant part to dry weight of this part in per cent of total dry weight (1 1 (Fig. 1) . Five and the radioactivity was determined (Table III) . In the second series of experiments, the plants were not pulsed and, instead, the shoot tips were illuminated in situ for 48 h after being darkened. The shoot tips were excised and incubated for 3 h in ['4CJsucrose solution (Table IV) .
Lighting tips of darkened shoots with a low energy beam of monochromatic R light increased the radioactivity recovered in the tip to the level of an undarkened control (Table III) . FR was also promotive, but to a lesser extent. Blue light had no effect. The difference between FR and R was even mnore pronounced in the ['4CJsucrose uptake by isolated tips (Table IV) 
DISCUSSION
The accompanying article (11) shows that darkening young shoots considerably reduced growth and flower bud development and decreased translocation of "C-labeled assimilates to the shoot and especially to the shoot tip. Here , it has been demonstrated B ISE. (Tables I  and II; Fig. 2 ), features that characterize the phenomenon of apical dominance (12) . It is known that light, rich in FR, increases apical dominance (7, 17, 18) . The findings presented here show a clear linkage between increased apical dominance and promotion of mobilizing ability of the apical bud. These results may be interpreted in two ways: (a) incandescent light promoted a factor involved in inhibition of axillary buds, and the increased translocation to the uppermost shoot stemmed from the reduced competition on the available assimilates; (b) the increased inhibition of axillary buds stemmed from the light-promoted sink activity of the uppermost shoot. Our results support hypothesis b since light did not decrease growth (Table I) and translocation (Table II) to the second shoot.
There seems to be only two studies on the effect of colored light on translocation or absorption of assimilates. Hartt (4) found promotion of basipetal translocation in detached sugar cane leaves by R and B. In her study, FR was as ineffective as the dark treatment. However, Hartt's model did not include a growing sink since only the translocation within the leaf was measured. The importance ofa sink to the translocation process is well-established (10, 11, 14, 20) . In the first experiment here (Table I) , the whole plant was exposed to the light of different spectra. The results obtained were a function of the combined effects on the source leaves and on the competing sinks. In further experiments, the authors studied the direct effect on light of different spectra on the sink itself, as was manifested by translocation of "4C-labeled assimilates to the lighted shoot tips and by testing the ability of detached shoot tips to absorb I'4Clsucrose in vitro. This was done either by lighting the shoot tip in situ by means of optic glass fibers prior to excision or by exposing the detached tips to light of different spectra composition. These techniques were used since absorption of sugars in vitro is considered to express the sink strength (1, 3, 20) . Of the monochromatic, low-energy light tested here (R, FR, and B), R was the most effective in increasing the transport of 14C-labeled assimilates to the intact tips (Table III) and the uptake of ['4Cjsucrose by detached ones (Table IV) . FR had little effect or no effect in this reaction and B was not active.
The effect of F and FR on the uptake of ['4C]sucrose in vitro are in line with those of Goren and Galston (2) with detached pea epicotyls. It was found, however, that, when FR was added to R, it greatly increased the R-promoted effect ( Fig. 3 ; Table V) . FR, when added to B, was ineffective as B given alone (Table V) . This may explain the promotive effect of mixed Fl and In light over Fl alone on assimilate transport to the apical bud (Table II) . A requirement of mixed R and FR for optimal response is known for some phytochrome reactions, like those promoting flowering in many long-day plants (19) . In the experiment in which FR was added to the R ( Fig. 3 ; Table V) , not only the spectral composition of the light source was changed, but its total energy was doubled. This may have also accounted for the promotive effect of the added FR. However, it is known that morphogenetic response in plants is proportional to the logarithm of light intensity (15) . This is well-demonstrated by results presented in Table IV , where light energy in full light was 22 times higher than in R, but sucrose uptake was only slightly more than 2-fold higher. Therefore, the great promotion of the R effect by FR cannot be due to the added light energy only. Promotion or enhancement of photomorphogenetic events by FR is not yet fully understood. Recently Porath et al. ( 13) suggested that R and FR light action in plants is through different perception sites. In cucumber seedlings, the R perceptive site was shown to be localized in the hook whereas the perception of FR was disperse (13) .
The effect of light on sink activity is apparently not related to its effect on energy supply since no differences in ATP level were found between darkened and lighted tips (11) . Light, however, Plant Physiol. Vol. 66, 1980 
